How do prior outcomes affect the risk choice? Research on this can help people to understand investors' dynamic decisions in financial market. This paper puts forward a new value function. By analyzing the new value function, we find that the prior gains and losses have an impact on the form of value function and the current investors' risk attitude. Then the paper takes the behavior of the whole stock market as the research object, adopts aggregative index number of 14 representative stocks around the world as samples, and establishes a TVRA-GARCH-M model to investigate the influences of prior gains and losses on the current risk attitude. The empirical study indicates that, at the whole market level, prior gains increase people's current willingness to take risk assert; that is to say, the house money effect exists in the market, while people are more risk aversion following prior losses.
Introduction
Investing behavior under risk in financial market is a kind of dynamic decision-making behavior, and different risk attitude of investors will lead them to different risk decisionmaking. Thaler and Johnson [1] , Keasey and Moon [2] , Sadorsky [3] , Dillenberger and Rozen [4] , Duxbury et al. [5] , Huang and Chan [6] , and so forth have done researches and found that people's risk attitude would change with circumstances, and prior outcomes will affect the subsequent risk-taking behavior of investors.
What kind of influence does prior gains and losses exert on investors' subsequent investing behavior on earth? Thaler and Johnson [1] have done representative researches on this problem. With many experiments of money gambles, they find that people are more willing to take greater risk after they got gains; namely, they become more risk seeking, which is called "house money effect, " while they are more likely to avoid risks if they got prior losses. In experimental researches designed by many other scholars [7] [8] [9] [10] [11] , this influence has also been proved. Thaler and Johnson [1] , by examining editing rules in prospect theory, gave initiatory explanations to this problem, the current potential losses can be offset by prior gains, so the investors become less "painful" and then can bear more risks, while with prior losses, further losses will make them more painful, so investors tend to avoid risks. Linville and Fischer [12] , Sullivan and Kida [13] , and so forth have also done researches and expressed similar viewpoints. Sullivan and Kida [13] explain this phenomenon as follows: decision makers' attention on threat will induce their risk aversion actions, while their attention on opportunities will induce risky actions.
On the basis of prospect theory, Barberis et al. [14] make analysis through constructing theoretical asset pricing model. They hold that prior gains will reduce the investors' sensitivity on risk, while prior losses and further losses will intensify investors' pains, thus increasing their extent of risk aversion. Barberis and Xiong [15] do researches from a new perspective on the influence of prior gains and losses on current investing behaviors. They establish a multiperiod model. In the model, investors determine their future risk choices according to the results from their prior behaviors. They find that different expected return, trading time, and the shapes of value function can affect their subsequent risk attitude. Dillenberger and Rozen [4] propose a model of history-dependent risk attitude. In the model, they take prior gains and losses as endogenous variable to analyze the influence on the investors' future risk choices. With the analysis, it can be found that prior decision-making behaviors can exert great effects on investors' risk attitude. When prior performance is good, risk aversion extent of decision makers decreases, and the extent of their risk aversion increases when they suffer from prior pains and frustrations.
Shefrin and Statman [16] and Odean [17] explained disposition effect from the perspective of prospect theory, but the conclusion about the influence of prior gains and losses on current risk attitude is seemingly not in accordance with disposition effect. Barberis et al. [14] point out that disposition effect is mainly about investors' different ways of disposing assets when they are confronted with gains and losses, and the gains and losses are still "unrealized, " while prior gains and losses refer to the "realized" outcomes. For instance, when the current state is in losses, investors may become risk-seeking so as to stop the losses at the end of the period, which possibly leads to disposition effect. The influence of prior gains and losses on current risk attitude actually means that if investors fail in stopping the losses when the period ends and still keeps a state of losses, investors will tend to avoid risk in the following period. In this sense, the influence of prior outcomes on current risk attitude is not contradictory with the description of disposition effect. In fact, the basic influence of prior gains and losses on current risk attitude cannot be explained by initiatory value function, because the value function only describes investors' risk attitude for the current gains and losses, and it does not involve the prior gains and losses.
In aspect of the empirical researches on the influence of prior gains and losses on current risk attitude, most of the past studies are done through psychological experiments. Hirshleifer [18] emphasizes that the results from these psychological experiments are not all effective when applied to the actual financial decision-making behaviors. Therefore, some scholars try to use real data on the market to investigate influence of prior outcomes on current risk attitude. Brown et al. [19] take data of stock right registration of IPO between 1995 and 2000 in Australia stock market as samples to do empirical research, and the result shows that prior gains can offset subsequent losses and the investors become more risk seeking. Hsu and Chow [20] adopt the client database and historical deal database between January 1, 1995, and September 31, 1999, in Taiwan stock market to investigate the behaviors of individual investors on the market; the result shows that individual investors tend to purchase stocks of high standard deviation when they get prior gains; that is, they become more risk seeking, which just verifies the "house money effect. " In futures market, empirical tests all adopt intraday transaction data. For professional investors, Frino et al. [21] make empirical studies on the behaviors of professional futures investors in Sydney Futures Exchange and find that the dealers also turn more risk seeking after they get gains, while their extent of risk aversion increases otherwise. Liu et al. [22] make studies on the behaviors of market makers in Taiwan futures exchange and find that gains in the morning will make the market-makers' extent of risk aversion decreases in the afternoon. Hsu and Chow [23] found that individuals tend to take greater risk when gains are more substantial. Their empirical evidence suggests that the house money effect is actually discernible in the real world financial markets and not just in artificial laboratory experiments.
It can be seen from the literature review that most of the past empirical researches on the relationship between prior outcomes and current risk attitude are done with the help of psychological experiments and data of investors' transaction accounts. On the premise of investors' limited rationalities, real market scenes can hardly be simulated through experiment, and data of investors' transaction accounts is often not representative. In addition, their sample size is not large enough. To solve this problem, this paper puts forward a new value function which explains a phenomenon about the effects of prior outcomes on risky choice. And this paper takes the behavior of the whole stock market as the research object, adopts aggregative index number of 14 representative stocks around the world as samples, and establishes a TVRA-GARCH-M model to investigate the influence of prior gains and losses on current risk attitude.
The frame of this paper is as follows. Section 2 is about the value function and risk aversion level. Section 3 is an explanation about the effects of prior outcomes on risky choice. Section 4 is an empirical analysis about the effects of prior outcomes on risky choice. Finally, conclusions are given in Section 5.
The Value Function and Risk Aversion Level
In this paper, we use the value function of power function type which is proposed by Tversky and Kahneman [24] . The expression of value function is as follows:
where represents the concave or convex level of gain area in the function. represents the concave or convex level of loss area in the function. If , < 1, they represent diminishing sensitivity. represents the steep level of loss area. If > 1, it represents that investors have loss aversion. In addition, the value function is concave in the gain area, and it represents that investors have risk aversion in this situation. The value function is convex in the loss area, and it represents that investors have risk seeking in this station. In order to explain the situation that the prior gains or losses have influence on the current risk attitude of investors, this paper used the risk aversion coefficient to measure investors' risk attitude. Arrow [25] and Pratt [26] put forward an absolute risk aversion coefficient. And this coefficient has been widely used by many scholars, such as [27] [28] [29] . Thus, this paper used this absolute risk aversion coefficient to measure risk attitude of investors. The expression is as follows:
where is an absolute risk aversion coefficient of Arrow-Pratt and it represents the risk compensation for the unit variance risk. If > 0, it represents the risk aversion. If = 0, it represents the risk neutral. If < 0, it represents the risk seeking.
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The Effects of Prior Outcomes on Risky Choice: An Explanation from Prospect Theory
In traditional value functions, calculating the gains and losses and making decisions for corresponding risk, they did not take into account the prior gains and losses states, that is to say, the current risk decision-making behavior doesn't have memory. However, Barberis et al. (BHS) [14] argued that the prior gains or losses have great impact on the investors' current risk attitude, and the impact cannot expressed by the prospect theory. We suppose that represents the price of risk assets at and +1 represents the return rate of risk assets at + 1. Therefore, +1 = +1 , and the gains and losses at + 1 are +1 = +1 − = +1 − . The traditional value function did not take into account the prior gains and losses states; that is to say, they argued that the investors are "no memory" when they make decision. In order to take into account the prior gains and losses, we introduce the "Benchmark Level. " Here, represents the "Benchmark Level, " and − represent the individual measures of investors' gains and losses at the previous period. In this paper, we only take into account the relative relationship between and , so we define = / . < 1 represent the prior gains, and > 1 represent the prior losses.
Case of Prior Gains.
If the investors lose +1 − 1 (namely, 0 < ≤ 1) and they do not take into account the prior gains, the investors will suffer from the "pain" . According to the viewpoint of BHS, if the investors take into account the prior gains, they will put the loss of +1 − 1 into two parts. A part of losses are offset by the prior gains, which reduce the pain which was brought the current losses. However, the part of losses which are not offset by the prior gains do not change. Therefore, taking into account the prior gains, we get the value function as follows:
According to the "house money effect, " if 1 > +1 ≥ , the current losses will be completely offset by the prior gains and
+1 , a part of losses −1 will be completely offset by the prior gains and the other part of losses +1 − cannot be offset by the prior gains. In this case,
. These above cases can be shown in Figure 1 . In order to facilitate the discussion of risk attitude, we suppose that = +1 − 1 and 0 = − 1. So the value function can be simplified as follows:
In fact, if the prior gains were 0, the expression of value function will be as follows:
By calculating the risk aversion coefficients at ≥ 0 and 0 ≤ < 0, we can find that the prior gains do not have influence on the current risk attitude.
We analyze the risk attitude at < 0 . When the prior gains were 0, we can calculate the risk aversion coefficients as follows:
Similarly, when the investors got the gains,
Therefore, if < 0 , the risk compensation becomes smaller and the risk aversion level becomes lower when the investors got the gains.
All in all, the prior gains have impact on the current value function, so the current risk aversion level becomes low. However, when the investors have different gains and losses in the current period, the investors' risk attitude still accords with the basic feature of value function.
Case of Prior Losses.
If the investors had the losses in the previous period (namely, > 1), further losses will bring the investors greater "pain. " In contrary, the current gains can induce a part of pain of the prior losses. According to the viewpoint of BHS, if the investors take into account the prior losses, they will put the gains of +1 − 1 into two parts. A part of gains are offset by the prior losses, which reduce the joy which was brought the current gains. However, the part of gains which are not offset by the prior losses do not change. Therefore, taking into account the prior losses, we get the value function as follows:
where 0 < < 1 represents a utility degree coefficient. In order to facilitate the discussion of risk attitude, we suppose that = +1 − 1 and 0 = − 1. So the value function can be simplified as follows:
If the prior gains are 0, the expression of value function will be as follows:
These above cases can be shown in Figure 2 . By calculating the risk aversion coefficients at ≤ 0 , we can find that the prior losses do not have influence on the current risk attitude.
We analysis the risk attitude at > 0 . When the prior gains were 0, we can calculate the risk aversion coefficients as follows:
Similarly, when the investors got the gains, ( ) = ( − 0 ) + 0 and = − ( )/ ( ) = (1 − )/( − 0 ) > (1 − )/ . Therefore, if < 0 , the risk compensation becomes bigger and the risk aversion level becomes higher when the investors got the losses.
In one word, the prior losses have impact on the current value function, and the current risk aversion level becomes higher. However, when the investors have different gains and losses in the current period, the investors' risk attitude still accords with the basic feature of value function.
According to the above analysis, we can find that the investors become more risk seeking when they got the gains in the previous period ("house money effect" [1] ); the investors become more risk aversion when they got the losses in the previous period.
The Effects of Prior Outcomes on
Risky Choice: Empirical Analysis
The Thoughts of Empirical Analysis.
To study the influence of prior gains and losses on current risk attitude, it is a must to measure the prior gains and losses and make a proper description on the change of investors' risk attitude. For the measuring of prior gains and losses, the prospect theory put forward by Kahneman and Tversky [30] emphasizes that investors' judgments of gains and losses are based on the reference point; namely, the part higher than the point is regarded as gains, and losses otherwise. Therefore, the choice of proper reference point is a critical factor in defining gains and losses.
Reference point is a subjective psychological criterion for evaluation, and there is no normative and definite unified criterion. Though in many studies the status quo is chosen as the reference point, Tversky and Kahneman [31] recognize that "there are other situations in which gains and losses are coded relative to an expectation or aspiration level that differs from the status quo" [22] . In recent years, many studies find that reference point as defined by people's expectations (e.g., [32, 33] ). Köszegi and Rabin (short for KR, [34] [35] [36] ) think that existing researches that have taken status quo as reference point can all understand like the following in essence: people hope to keep the status quo and so to take status quo as reference point is the same as those who take expectation directly as reference point. They put forward reference pointdependent model and recognize that when measuring gains and losses, rational expectation based on recent information is better than taking status quo as reference point. At this time, unexpected gains (losses) can be seen as gains (losses). This paper adopts KR's viewpoint and chooses investors' rational expectations of gains based on prior information as reference point. For instance, for securities , supposing that the return is ( = 1, 2, . . . , ), if investors' expected return ( ) is based on information of period − 1, the investor's reference point in period is ( ). According to prospect theory, the investor's gains and losses in period can be expressed as − ( ), which will be called unexpected gains and losses in this paper.
For the measuring of investors' risk attitude, Arrow [25] and Pratt [26] propose an absolute risk aversion coefficient, it is the most representative and has already been widely applied (such as [27, 28, 37] ). The coefficient denotes the average risk compensation that the investors require for each unit of variance risk, the larger the number is, the more the risk compensation demanded is, so that the investors are more risk aversion; otherwise the risk compensation is less and the Mathematical Problems in Engineering 5 extent of risk aversion is lesser. Wen and Yang [38] recognize that the risk compensation coefficient in GARCH-M model, which is in accordance with Arrow-Pratt's absolute risk aversion coefficient, and it can be used to describe the investors' risk attitude on the market. However, in traditional GARCH-M model, a hypothesis is actually implied: in a certain period, the risk compensation the investor demands for each unit of risk is fixed. However, [39] [40] [41] find that people's risk attitude is changing with time. The greater the extent of risk aversion is, the more the compensation return the investor demands for each unit of risk. This means that the risk compensation coefficient also changes with factors like time, and so forth. From the literature review above, prior gains and losses are an important reason for inducing investors' time-varying risk attitude. Therefore, this paper introduces time-varying risk compensation coefficient into traditional GARCH-M model to illustrate the influence of prior gains and losses on investors' risk attitude.
Combined with empirical thinking analysis, this paper chooses traditional GARCH-M model as basic model. There are mainly two reasons. First, in GARCH-M model, securities return can be seen as formed by expected and unexpected return, and the extracted residual sequence is just the unexpected return. On financial market, the distribution of securities return is usually characterized by leptokurtic and heavytailed nonnormal distribution and heteroscedastic volatility in return series, while GARCH-M model can remove these distribution features of return rate; in this way, the extracted residual series is just the "real" unexpected return that is not influenced by investors' behavioral bias. Second, this paper mainly studies the influence of prior unexpected gains and losses on current risk attitude. In GARCH-M model, as securities return contains risk compensation, that is, gains and risk are closely correlated, and conditional variance of return rate is a proper indicator in measuring risk, therefore, GARCH-M model is suitable in investigating the relationships between prior unexpected gains and investors' risk attitude on the market. Therefore, we take traditional GARCH-M model as basic model, introduce time-varying risk compensation coefficient which can reflect the change of investors' risk attitude, establish a new model, and take residual sequence extracted from the new model as the representative variable of unexpected gains and losses, so as to make empirical studies on the relationship between prior unexpected outcomes and investors' current risk attitude on a market level.
Model for Empirical Analysis. The expression of traditional GARCH-M model is as follows:
Here, V is i.i.d., (V ) = 0, (V ) = 1, and ∑ =1 +∑ =1 < 1.
In this model, return rate is decomposed into three parts: the average return rate + that is relevant to exogenous variables, return rate ℎ that is based on risk compensation, and volatility return rate which is subject to external impact, . Besides, from mean equation, the expectations based on information in period − 1 can be directly obtained: ( ) = + + ℎ . It can be seen the following.
(1) Combined with the above analysis, taking the expected return level ( ) as reference point, the unexpected gains and losses are = − ( ), which embodies the gains and losses in period .
(2) = Δ /Δℎ , is the risk compensation the investor demands for each unit of variance risk, which is called risk compensation coefficient. So can be used to measure magnitude of risk compensation that an investor assumes. The larger is, the greater the extent of risk aversion of the whole market is; otherwise the extent of risk aversion of the whole market is lesser.
Therefore, to examine the influence of prior unexpected gains and losses on current risk attitude, combined with former theoretical analysis, we suppose that there exists simple linear relationship between them and establish a timevarying risk attitude GARCH-M model, namely, TVRA-GARCH-M. The details of the model are as follows:
Here, risk compensation coefficient is no longer fixed but change with time because of the influence of prior unexpected outcomes. In the model, −1 stands for prior unexpected gains and losses, 0 stands for the fixed risk compensation demanded for each unit of variance risk, and 1 illustrates the influence of prior unexpected gains and losses on current risk compensation coefficient. If the general conclusion in the former literature on the relationship between prior outcomes and current risk attitude is right, 1 should significantly be less than zero. If −1 > 0, it means that the prior gains will reduce current risk compensation coefficient; namely, the extent of risk aversion decreases; in this way, the empirical experiment verifies the "house money effect. " If −1 < 0, it means that prior losses will increase current risk compensation coefficient and the extent of risk aversion increases.
Result of Empirical Research.
According to the IMF (International Monetary Fund) report in 2010, the countries whose GDP rank among the top ten in 2009 in turn are America, Japan, China, German, France, UK, Italy, Brazil, Spain, and Canada, and the total amount of their GDP amounts to more than 50% of the world GDP. Meanwhile, according to report of WFE (World Federation Of Exchanges), the Note. In this paper, we choose normal distribution, distribution, and GED distribution as residual distribution assumption to conduct the estimation, and the results are basically the same. As the space is limited, only the estimated result in the hypothesis of normal distribution is shown here.
market value of most of stock markets in these countries is more than a thousand billion US dollars by 2009. To ensure the representative quality of the data, this paper chooses representative stock index from all these ten countries, the time interval is from January 1, 2001, to September 31, 2009 , and the data comes from Yahoo Finance (as a part of the data in MIBTEL and SMSI are lost, so only data of the abovementioned intervals are chosen here). These representative index are S&P 500, Dow Jones, NASDAQ, NYSE index in America, Nikkei 225 in Japan, SSE in China, Hangseng index of Hong Kong, China, DAX of German, CAC 40 in France, FTSE 100 in the Great Britain, MIBTEL in Italy, BVSP of Brazil, SMSI of Spain, and GSPTSE in Canada, 14 in all, including main stock markets in North America, Europe, and Asia. The computation equation of return rate is = 100 * (ln − ln −1 ). The statistical characteristics of the daily return rate of aggregative index number are as shown in Table 1 .
From the J-B statistics in Table 1 , it can be seen that return of all indexes is not normally distributed. Besides, through the ADF test of return series, the result shows that all the return series are stationary. The result from further ARCH-LM test shows that the probability of all indexes in ARCH-LM test is less than significance level of 1%, which shows that there indeed exists significant ARCH effect in residual series, and therefore, the GARCH model can be introduced to characterize the heteroscedastic volatility of each index's return series.
With model (12) , the sample data of the above-mentioned 14 index is estimated with maximum likelihood method (the tool adopted is the software Eviews 6.0), and the result is shown in Table 2 .
Among the estimated results of the 14 samples, through the test of coefficient estimated result of time variation process of risk compensation coefficient, it can be seem that most of the estimated results of 0 and 1 are significant at significance level of 10%, though the coefficient of some index is not significant at significance level of 10%, and the corresponding value is relatively small.
Further examination finds that the estimated results of 0 are all positive and most of them (9 samples) are significant at 10%, which means that the fixed risk compensation the 7 investors demanded for risk is positive. This is in accordance with traditional theory. It can be seen as risk compensation the investors demand from the market for fixed risk in a certain period. The estimated results of 1 in BVSP are greater than zero and not significant, while other estimated results of 1 are all smaller than zero and most of them are significant, which shows that the current risk compensation coefficient is smaller than prior period. Prior gains ( −1 > 0) will reduce the risk premium the investors require for each unit of risk; that is, the investors' current extent of risk aversion decreases, which verifies the existence of "house money effect" on stock market; it also means that prior losses ( −1 < 0) will lead investors to demand more compensation for each unit risk and the current extent of risk aversion increases.
Results of the above empirical tests show that the conclusion of Thaler and Johnson (1990) [1] is still applicable on market level. Risk compensation coefficient also shows characteristics of time variation, prior decision-making outcomes (gains and losses) will affect current risk attitude, and there exists house money effect on stock market. To be concrete, on stock market, prior gains will decrease current extent of risk aversion and investors become more risk seeking, and this supports the house money effect, while prior losses will increase current extent of risk aversion.
According to viewpoints of Thaler and Johnson [1] , combined with analysis of prospect theory, this is because when investors get prior gains, this part of gains is an independent mental account in editing stage, is segregated from the mental account of initial asset, and is regarded as "house money, " then investors will consider that the gains can offset subsequent possible losses, and in subsequent investing behaviors, the extent of their risk aversion decreases; that is, they become more risk seeking, while with prior losses, investors dislike losses and become more sensitive to subsequent possible losses, so the "painful" feelings intensify; therefore, they become more risk aversion. If we apply this viewpoint to the whole stock market, the circumstances will be like the following: if the share price increases in prior period and exceeds the psychological expectations of the investors, they will think that they gain and regard it as "house money" mental account, and then investors will consider that the obtained gains can offset the following possible losses, so they are willing to bear greater risk in the current situation; namely, they become more risk seeking. In this way, investors tend to continue to hold or purchase shares whose price greatly increases. Because of investors' incomplete rational factors, there appears a kind of expansion in demand on the whole market. Therefore, house money effect can be used to explain investors' "buying winners" on the stock market; on the contrary, if share price decreases in prior period and becomes lower than investors' psychological expectations, they will think that they lose, and then they will worry about more possible losses in subsequence, so their extent of risk aversion intensifies and is likely to sell the shares; thus the demand of the whole market decreases, and this explains the investors' "selling losers" on the stock market to a certain extent.
Conclusion
This paper puts forward a new value function which explains a phenomenon about the effects of prior outcomes on risky choice. In addition, the paper takes the behavior of the whole stock market as the research object, adopts aggregative index number of 14 representative stocks around the world as samples, establishes a TVRA-GARCH-M model to investigate the influence of prior gains and losses on current risk attitude on the market, and tests the relationship between prior outcomes and current risk attitude on market level through empirical evidences. Compared with the past researches based on psychological experiments, the research method in this paper overcomes the disadvantage of incomplete simulation of real scenes in psychological experiments. Furthermore, the amount of data in samples in this paper is large and easy to obtain, and the data is also not influenced by the private factors of investors, so the result is more convincible. The result of this empirical experiment shows that, on level of the whole market, under the influence of prior gains, the extent of risk aversion in most of the stock market will decrease, which proves the general existence of "house money effect" on stock market. What is more, the extent of risk aversion will increase comparatively under the circumstance of prior losses, which supports the viewpoint of Thaler and Johnson [1] and Barberis et al. [14] . The research in this paper simply supposes that there exists kind of linear relationship between prior outcomes and current risk compensation coefficient, and just points out that prior gains and losses will induce changes in current risk attitude through empirical evidence. As to the concrete numerical relationship between them, it needs further research. Meanwhile, further researches on internal mechanism of the time-varying risk attitude will also be of great theoretical and practical meanings.
